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PHWKDQRO ZDVKLQJ VHFWLRQ :LWK VXSSRUWV IURP PDQ\ QDWLRQDO UHVHDUFK SURJUDPV +HIHL *HQHUDO 0DFKLQHU\
5HVHDUFK ,QVWLWXWH +*05, =KHQKDL 3HWURFKHPLFDO -LDQDQ (QJLQHHULQJ &R /WG =3-( DQG /XR\DQJ
3HWURFKHPLFDO(QJLQHHULQJ&RUSRUDWLRQ6,123(& /3(& HWF KDYH FRQGXFWHG MRLQW UHVHDUFK DFKLHYHGGRPHVWLF
PDQXIDFWXULQJRIODUJHVFDOHPXOWLVWUHDP6:+(LQFRDOGHHSSURFHVVLQJXQLWVDQGEHHQWKHILUVWRQHLQWKHZRUOG
WRDSSO\WKH6:+(LQUHILQLQJXQLWV>@6:+(VKDYHEHHQVXFFHVVIXOO\XVHGLQWKH0WDK\GURFUDFNLQJXQLW
RI 6,123(& =KHQKDL 5HILQLQJ 	 &KHPLFDO &RPSDQ\ =5&& WKH  0WD K\GURFUDFNLQJ XQLW RI &13&
/LDR\DQJ 3HWURFKHPLFDO &RPSDQ\ /3& DQG WKH 0WD GLHVHO K\GURJHQDWLRQ XQLW RI 6,123(&*XDQJ]KRX













SURFHVV LV WKHDGRSWLRQRI WZR6:+(V LH WKH UHDFWLRQHIIOXHQWKRWPL[HG IHHGKHDW H[FKDQJHUDQG WKHKRWKLJK
SUHVVXUH VHSDUDWRU JDV FROGPL[HG IHHG KHDW H[FKDQJHU UHVSHFWLYHO\'XULQJ QRUPDO RSHUDWLRQ KHDW LV JUDGXDOO\
WUDQVIHUUHG WKURXJK WZR 6:+(V WR HQVXUH WKH WHPSHUDWXUH RIPL[HG IHHG UHDFK WKH UHDFWLRQ WHPSHUDWXUH ZKLFK
UHVXOWV LQ WKH VKXWGRZQRI UHDFWLRQ IHHG IXUQDFH%DVHGRQ WKLV WKH H[FHVV UHDFWLRQKHDWZLOO EH UHWULHYHGE\ WKH
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KHDGDUHZHOGHGWRWXEHVKHHWDQGF\OLQGHUUHVSHFWLYHO\$VWRWKHKHPLVSKHULFDOVWUXFWXUHEWKHUHDUHRQHFRQYH[

















HTXLSPHQWKHLJKW LVQRW VPDOOHU WKDQ WKDWRI WKHFURZQVWUXFWXUH6:+($V WR WKHKHPLVSKHULFDO VWUXFWXUH LWKDV
FHUWDLQVSDFHIRUWKHLQVWDOODWLRQRIVXFKDWWDFKPHQWVDVGHIOHFWRUDQGGLVWULEXWLRQULQJHWFZKLFKHQDEOHVIOXLGIXOO\





3.2. Design adaptability of overall structural 
7KHDSSOLFDWLRQRI6:+(LQUHILQHU\ LQGXVWU\ LV WKHILUVW WLPH LQ WKHZRUOG7KHDGDSWDELOLW\RI6:+(WRUDZ
PDWHULDO DQG SURFHVV RI UHILQHU\ XQLW VKRXOG EH ILUVW FRQVLGHUHG ,Q RUGHU WR PDNH IXOO XVH RI WKH KHDW WUDQVIHU
SHUIRUPDQFHRI6:+(WKHFOHDQOLQHVVRIPHGLXPVKRXOGEHHQVXUHGRFFDVLRQVHDV\IRXOLQJDQGFRNLQJVKRXOGEH
DYRLGHG7KHILUVWDSSOLFDWLRQRI6:+(LQ&KLQDLVWKHUHDFWLRQHIIOXHQWPL[HGIHHGKHDWH[FKDQJHUDQGWKHUHDFWLRQ








RI UDZ PDWHULDO SURSHUWLHV WKH FROG E\SDVV VKRXOG EH FRQVLGHUHG LQ FHUWDLQ VLWXDWLRQ WR HQVXUH DGHTXDWH KHDW
H[FKDQJHDUHD
7RSURSHUO\GHWHUPLQHWKHPHGLXPVLQWXEHVLGHDQGVKHOOVLGH
7DNLQJ UHDFWLRQ HIIOXHQWKRW PL[HG IHHG KHDW H[FKDQJHU DV DQ H[DPSOH ZKHWKHU WKH UHDFWLRQ HIIOXHQW JRHV
WKURXJKWKHWXEHVLGHRUVKHOOVLGHQHHGVWREHDQDO\]HG%\FRPSDULVRQLWFDQEHIRXQGWKDWWKHUHDFWLRQHIIOXHQWKDV
DODUJHUDWLRRIJDVSKDVH,QRUGHUWRDYRLGWKHLQIOXHQFHRIXQHYHQGLVWULEXWLRQRIJDVSKDVHDQGOLTXLGSKDVHRQWKH
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LQIOXHQFHWKHKHDWH[FKDQJHHIILFLHQF\RUFDXVHDQGUDPDWLFLQFUHDVHRISUHVVXUHGURSLQVKHOOVLGHGXHWREORFNDJH





KHDW H[FKDQJH SHUIRUPDQFH LV QRW DOORZDEOH ,I WKH WHPSHUDWXUH RI UHDFWLRQ HIIOXHQW ZDV UHGXFHG WRR ORZ RWKHU
FU\VWDOZLOOSUHFLSLWDWHDQGIXUWKHULQIOXHQFHWKHZKROHSURFHVV
7KHGHVLJQSUHVVXUHRIWXEHVKHHWLVGHWHUPLQHGDFFRUGLQJWRWKHPD[LPXPRSHUDWLRQSUHVVXUHIRUWKHUHDFWLRQ
HIIOXHQWKRWPL[HG IHHG KHDW H[FKDQJHU DQG WKH KRW KLJK SUHVVXUH VHSDUDWRU JDVFROGPL[HG IHHG KHDW H[FKDQJHU
ZKLOHQRWDFFRUGLQJWRWKHSUHVVXUHGLIIHUHQFH
 7R FDUHIXOO\ FRPSDUH WKH HFRQRP\ RI KLJK SUHVVXUH 6:+( DQG 7/5+( ZLWK WKH SXUSRVH RI DFKLHYLQJ
HIILFLHQWUHOLDELOLW\OHVVLQYHVWPHQWDQGOHVVRFFXSLHGDUHDV
 7R QRWH VRPH GHVLJQ GHWDLOV LQFOXGLQJ WKH VHZDJH RQ WKH ERWWRP RI VKHOO VLGH WKH DUUDQJHPHQW RI EDIIOH
JXLGLQJIORZDWWKHHQWUDQFHRIVKHOOVLGHHWF
3.3. Basic requirements for material 
7KHORDGVDSSOLHGWRKHDWH[FKDQJHULQUHILQHU\LQGXVWU\DUHPDLQO\GHWHUPLQHGE\SURFHVV,QK\GURFUDFNLQJXQLW
















6KHOOVLGH 5HDFWLRQHIIOXHQW     






















6KHOOVLGH FROGPL[HGIHHG     







IURPERWKVLGHV   
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 LQQHU RYHUOD\ 73/73 WKH PDWHULDO RI VSKHULFDO KHDG LV &U0R IRUJLQJ LQQHU RYHUOD\
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WKH PDWHULDO RI WXEH VKHHW LV &U0R IRUJLQJ  WXEH VLGH RYHUOD\ 73/ DQG WKH PDWHULDO RI WXEH LV
6





WKDWRI6 LQ$60(6$6$0Specification for seamless and welded ferritic/austenitic stainless steel 
tubing for general service ,Q RUGHU WR EHWWHU VDWLVI\ WKHZLQGLQJ UHTXLUHPHQWV RI KHDW H[FKDQJH WXEH DGGLWLRQDO
SURYLVLRQVRIHORQJDWLRQUDWHıDQGKDUGQHVVİ+5&DUHVXSSOHPHQWHGWRR
7DEOH&KHPLFDOFRPSRVLWLRQVRI&U0RIRUJLQJDQG&U0R5+ZW


















    
7DEOH&KHPLFDOFRPSRVLWLRQVRI6LQ$60(6$6$0ZW















DOZD\V DGRSWHG DQG WKH ILQDO ZHOGPHQW EHWZHHQ WXEH VKHHW DQG KHDG LV DOZD\V WKH RQHVLGH ILOOHW ZHOGPHQW
$OWKRXJKWKHUHLVFHUWDLQSURFHVVWRHQVXUHLWVIXOOSHQHWUDWLRQWKLVW\SHRIVWUXFWXUHLVQRWDOORZDEOHIRUWKHVHYHUH
HQYLURQPHQWLQUHILQHU\LQGXVWU\7KHZHOGPHQWVWUXFWXUHRI6:+(LQUHILQHU\LQGXVWU\PXVWEHWKHEXWWZHOGPHQW
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7DNHQWKHUHDFWLRQHIIOXHQWPL[HGIHHGKHDWH[FKDQJHUZLWKWKHDERYHPHQWLRQHGVWUXFWXUHDDVDQH[DPSOH&U0R
VWHHOLVFKRVHQDVWKHPDWHULDOIRUPDLQSUHVVXUHFRPSRQHQWVGXHWRLWVRSHUDWLRQLQK\GURJHQHQYLURQPHQW7KHUH









KHDG DQG F\OLQGHU 6LQFH ILQDO KHDW WUHDWPHQW FDQQRW EH FRQGXFWHG IRU WKHVH ZHOGPHQWV VSHFLDO GHVLJQ RI EXWW
ZHOGPHQWLVQHHGHGDVVKRZQLQ)LJ$IWHUDPPWKLFNQLFNHOEDVHGDOOR\LVRYHUOD\HGRQWKHEDVHZHOGPHQW
JURRYH WR IRUPDQ LQVXODWLRQ OD\HU ILQDOKHDW WUHDWPHQW FDQEH FRQGXFWHG DQGJURRYHV FDQEHEXWWZHOGHGXVLQJ
QLFNHOEDVHGDOOR\FRQVXPDEOHVZKLFKHIIHFWLYHO\ LPSURYHV WKHVWUHVVGLVWULEXWLRQVWDWXVDWKHDWDIIHFWHG]RQHVRI
KHDW UHVLVWDQW ORZDOOR\ VWHHO VLGH$GGLWLRQDOO\ WKH LQVXODWLRQ OD\HU FDQSUHYHQW WKHSURSDJDWLRQRI FUDFN LQEDVH
PDWHULDOGXULQJRSHUDWLRQ
7KHVWUXFWXUHGHVLJQRIQLFNHOEDVHGDOOR\EXWWZHOGPHQWQRWRQO\UHGXFHVWKHUHVLGXDOVWUHVVLQZHOGPHQWVROYHV
WKH SUREOHP RI WKUHH FLUFXPIHUHQWLDOZHOGPHQWV FDQQRW EH ILQDO KHDW WUHDWHG EXW DOVR LQFUHDVHV WKH UHOLDELOLW\ RI
ZHOGPHQWVDQGLPSURYHVWKHDGDSWDELOLW\RI6:+(LQUHILQHU\LQGXVWU\$QLQYHQWLRQSDWHQWZDVREWDLQHGIRUWKLV
VWUXFWXUH>@
3.5. Design and calculation of the main structure 
7DNHQWKHUHDFWLRQHIIOXHQWKRWPL[HGIHHGKHDWH[FKDQJHUDVDQH[DPSOH WKHJHRPHWU\GLVFRQWLQXLWLHV LQVKHOO
VLGHDQGWXEHVLGHDUHDQDO\]HG7KHPDLQVWUXFWXUHVRIWKHXSSHUDQGWKHORZHUSDUWRIHTXLSPHQWDUHWKHVDPH7KH
ZHLJKWRI WXEHEXQGOHDSSOLHVRQWKHXSSHUDQGORZHUWXEHVKHHWV WKURXJKKHDWH[FKDQJHWXEHVDQGVXSSRUW WXEHV
+RZHYHU WKLV SUHVVXUH LV QHJOLJLEOH GXH WR LWV VPDOO YDOXH DQG OLPLWHG UDQJH$QDO\VLV LV RQO\ FRQGXFWHG IRU WKH
XSSHU VWUXFWXUH ,Q WKH ILQLWH HOHPHQW DQDO\VLV WKHREMHFWV DUH VXFKJHRPHWU\GLVFRQWLQXLWLHV DVGLIIHUHQWGLDPHWHU
VHFWLRQVHWF6LQFHWKHWXEHKROHVDQGWXEHVLQWXEHVKHHWDUHIDUDZD\IURPWKHVHFRPSRQHQWVWKHLUHIIHFWVRQVWUHVV
DQDO\VLVFDQEH LJQRUHG7RVLPSOLI\ WKHPRGHO WKHDUHDRI WXEHVKHHWZLWKKROHVFDQEH WUHDWHGDFFRUGLQJ WR WKH
FRQFHSWLQ$60(%39ĐLHPRGHOLQJEDVHGRQWKHHTXLYDOHQWHODVWLFPRGXOXVDQGHTXLYDOHQW3RLVVRQ
VUDWLR
$QG WKH WKLFNQHVV RI VSKHULFDO KHDGV DW VKHOO VLGH DQG WXEH VLGH LVPRGHOHG DFFRUGLQJ WR WKHPLQLPXP IRUPLQJ
WKLFNQHVV7KHPRGHOLQJ UDQJH LV IURP WKH VKHOO VLGHPPEHORZ WKH GLIIHUHQWGLDPHWHU VHFWLRQ ZKLFK LV IDU
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 ORFDOSULPDU\  6P  6DWLVILHG
 SULPDU\VHFRQGDU\  6P  6DWLVILHG
 ORFDOSULPDU\  6P  6DWLVILHG
 SULPDU\VHFRQGDU\  6P  6DWLVILHG
 ORFDOSULPDU\  6P  6DWLVILHG
 SULPDU\VHFRQGDU\  6P  6DWLVILHG
 ORFDOSULPDU\  6P  6DWLVILHG
 SULPDU\VHFRQGDU\  6P  6DWLVILHG
 ORFDOSULPDU\  6P  6DWLVILHG
 SULPDU\VHFRQGDU\  6P  6DWLVILHG
 ORFDOSULPDU\  6P  6DWLVILHG
 SULPDU\VHFRQGDU\  6P  6DWLVILHG
 ORFDOSULPDU\  6P  6DWLVILHG
 SULPDU\VHFRQGDU\  6P  6DWLVILHG
 ORFDOSULPDU\  6P  6DWLVILHG
 SULPDU\VHFRQGDU\  6P  6DWLVILHG
3.6. High pressure heat exchanger finish tube 
+HDWH[FKDQJHWXEHLVWKHNH\KHDWWUDQVIHUFRPSRQHQWDQGLWVTXDOLW\GLUHFWO\LQIOXHQFHVWKHUHOLDELOLW\RI6:+(














6:+(VRIKLJKSDUDPHWHU UHILQHU\ LQGXVWU\$WSUHVHQW WKHUHDUH ILYHVWDQGDUGV IRUDXVWHQLWLFVWDLQOHVVVWHHO WXEH
DQGGXSOH[VWDLQOHVVVWHHOWXEHLQ&KLQDLH1%73XUFKDVHWHFKQLFDOVSHFLILFDWLRQIRUERLOHU	KHDWHU
H[FKDQJHUWXEHVSLSHV3DUW*HQHUDO5HTXLUHPHQWV*%6HDPOHVVVWDLQOHVVVWHHOWXEHVIRUERLOHUDQG
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KHDW H[FKDQJHU *%7 :HOGHG DXVWHQLWLF VWDLQOHVV VWHHO WXEHV IRU ERLOHU DQG KHDWH[FKDQJHU *%7
 $XVWHQLWLF)HUULWLF GXSOH[ JUDGH VWDLQOHVV VWHHO VHDPOHVV WXEHV DQG SLSHV DQG *%7 


















































H[WUXGLQJ      
&ROGGUDZLQJ






:HOGHG     6

$V VKRZQ LQ 7DE DV WR WKH KHDW H[FKDQJH WXEH ZLWK GLDPHWHU OHVV WKDQ PP WKH UHTXLUHPHQWV RI RXWHU





:DOVLQ 6SHFLDOW\ 6WHHO &R /WG DQG 6DQGYLN0DWHULDOV 7HFKQRORJ\ =KHQMLDQJ FDQPDQXIDFWXUH KLJK SUHFLVLRQ







H[FKDQJH WXEHV DUH DOZD\V LQ WKH VLWXDWLRQ ZLWK YDULRXV FRUURVLRQ LQWHUDFWLRQV GXH WR WKH FRPSOH[ PHGLXP
HQYLURQPHQWLQUHILQHU\LQGXVWU\7KHUHIRUHDUHFRPPHQGHGPLQLPXPVSHFLILFDWLRQRIFHQWHUF\OLQGHULVQHHGHGRQ
WKHEDVLVRIUHVHDUFKUHVXOWVWROLPLWWKHZLQGLQJGHIRUPDWLRQRIWXEHV
5HVHDUFK RQ ZLQGLQJ GHIRUPDWLRQ RI KHDW H[FKDQJH WXEH PDLQO\ IRFXVHV RQ WKH H[SHULPHQWV RI VWUDLQ DJLQJ
VHQVLWLYLW\IRUVWDLQOHVVVWHHOVWULS$IWHUWKHSODWHVSHFLPHQWHQVLOHGHIRUPHGDWURRPWHPSHUDWXUHWRUHDFKDUHVLGXDO
296   Y.D. Chen et al. /  Procedia Engineering  130 ( 2015 )  286 – 297 
VWUDLQRIaDQDUWLILFLDODJLQJWUHDWPHQWDWFHUWDLQWHPSHUDWXUHZDVFRQGXFWHGDQGILQDOO\WHQVLOHDQGLQWHU
JUDQXODU FRUURVLRQ WHVWV ZHUH FDUULHG RXW 7KH UHVXOWV LQGLFDWH WKDW VWUHQJWK LQGH[ KDV DQ LQFUHDVLQJ WUHQG ZKLOH
SODVWLFLW\LQGH[KDVDGHFUHDVLQJWUHQGIRUDXVWHQLWLFVWDLQOHVVVWHHO,QWHUJUDQXODUFRUURVLRQWHVWVZHUHFDUULHGRXWIRU
VSHFLPHQVZLWKPD[LPXPUHVLGXDOVWUDLQRIDQGIXUWKHUDJLQJWUHDWHGDQGJRRGUHVXOWVLHWRSDVVWKHEHQGLQJ
WHVWV DQG QR LQWHUJUDQXODU FRUURVLRQ FUDFNV ZHUH REWDLQHG .HHSLQJ WKH UHVLGXDO VWUDLQ ZLWKLQ  WHQVLOH


























ĭî 6WDLQOHVVVWHHO    
ĭî̚ 6WDLQOHVVVWHHO    
ĭî̚ 6WDLQOHVVVWHHO    
ĭî̚ 6WDLQOHVVVWHHO    
ĭî̚ 6WDLQOHVVVWHHO    

,PSURYHPHQWV
5HVHDUFKRQ ODUJHVFDOH6:+( LQ UHILQHU\ LQGXVWU\ LV DGHYHORSPHQW DQG LQQRYDWLRQRQ WKHEDVLV RIGRPHVWLF
PDQXIDFWXULQJRI6:+(LQFRDOFKHPLFDOLQGXVWU\ZKLFKKDVRFFXSLHGDSODFHLQWKHZRUOG+RZHYHUGXHWRWKH
OLPLWDWLRQRIEDVLFWHFKQRORJ\LQ&KLQDWKHIROORZLQJDVSHFWVVWLOOQHHGWREHLPSURYHG
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 6XFK FRQWHQWV DV WKH VWUXFWXUH VW\OH DGDSWDELOLW\ RI ZKROH VWUXFWXUH UHTXLUHPHQW RI PDWHULDO VHOHFWLRQ
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